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We, Der-Zheng Liu, Tai-Cheng Liu, Song-Nien Tang, and Kuang-Yu Yen hereby 
make the following declarations. 

1) We are employees of REALTEK SEMICONDUCTOR CORP. (hereafter 
REALTEK), which is the owner/assignee of the present application, and we are the 
inventors of the above-referenced patent application. 

2) We are advised that the U.S. Patent & Trademark Office has tentatively rejected 
certain claims of this application, based on U.S. Pub. No. 2003/0128660 (hereafter the 
C660 reference), which was filed with the U.S. Patent & Trademark Office on December 
31,2002. 

3) We are further advised that the C660 reference should be removed from 
consideration, if we invented the claimed embodiments of this application before the filing 
date of the C660 reference. 

4) We are further advised that we are considered to have invented this invention 
before December 31, 2002, so long as we had conceived the embodiments claimed in 
this application before that date, and diligently pursued the preparation and filing of this 
application (from at least a time before December 31, 2002, until the application was filed 
with the U.S. Patent & Trademark Office). 
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5) Based on these understandings, we set forth the following facts to assist the 
U.S. Patent Examiner in the examination of this application. 

6) Before September 26, 2002, we had fully conceived the embodiments that are 
described and claimed in the present application. To this end, on September 26, 2002, 
we submitted a patent disclosure, which summarily described the embodiments of this 
patent application to REALTEK's legal department (the invention disclosure bearing 
REALTEK's reference number of 91 A-35). A copy of portions of this invention disclosure 
document is attached hereto as Attachment 1 . While much of the text of this document 
(91a-035) is in Chinese, it can be readily and easily verified that the subject matter of Fig. 
4 of the present application are contained in the disclosure document (91 A-35). 

7) In short, in accordance with our recollection, based on the contents of the 
document of Attachment 1 , we had conceived all features expressed in the claims of the 
present application as of September 26, 2002. 

8) In addition, the docketing system in the legal department of REALTEK for all 
patent applications, all the reference number of REALTEK's patent disclosures for patent 
applications will be started with the submitting year. For example, 91- 045 means it was 
submitted to the legal department of REALTEK in year 91 of ROC (Taiwan) and 045 is 
the 45th disclosure in the year 91 of ROC. Year 91 of ROC is year 2002, in terms of the 
U.S. calendar year. 

9) After September 26, 2002, we participated in a meeting for entrusting a Taiwan 
patent firm with the preparation of an appropriate patent application for filing in Taiwan 
(initially) and the United States. The Taiwan firm was called YUSO Int'l Patent & 
Trademark Office (YUSO). A document reflecting this meeting is attached hereto as 
Attachment 2. Further, YUSO entered this application (91 A-035) into their Chinese docket 
system on Oct. 09, 2002; and a document reflecting this is attached hereto as Attachment 
2-A. 

10) On or about January 16, 2003, one of us (Der-Zheng Liu), decided to divide 
and incorporate some of the contents of the present application (91 A-035), into another 
patent disclosure (REALTEK reference 91A-45), and some of the contents of the present 
application (91 A-035) into another patent disclosure (identified by REALTEK reference 
number 91 A-31). A document evidencing this is attached hereto at Attachment 3 (with 
each of these reference numbers clearly displayed); and its English Translation is 
attached hereto at Attachment 3-A. Further, on Dec. 1 1 , 2002, we participated in a 
meeting for entrusting YUSO with the preparation of the another patent disclosure (91 A- 
045) for filing in Taiwan (initially) and the United States; and a document evidencing this is 
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attached hereto at Attachment 3-B (in page 2). It is REALTEK's practice to discuss 
invention disclosures in the order in which they are prepared, i.e. in the order of the 
REALTEK's reference number. In fact, by now, we do not find existing written records of 
such a meeting about the discussion of 91A-035 with YUSO. However, 91 A-035 has a 
disclosure number lower than 91 A-045, and therefore, the discussion of 91 A-035 must 
preceded the discussion of 91 A-045, i.e. must have occurred on or before December 1 1 . 

11) The patent application corresponding to invention reference 91A-31 was filed 
on February 19, 2003 in Patent Office of Taiwan, and the corresponding US application 
was filed on February 18, 2004, and assigned serial number: 10/779,648 (see 
Attachment 4). 

12) The patent application corresponding to this patent application (91A-035) was 
filed on March 21, 2003 in the Patent Office of Taiwan, and the corresponding US 
application was filed on was filed March 18, 2004, and assigned application serial number 
10/803,047 (see Attachment 5). 

13) For completeness, copies of REALTEK's internal invention disclosures for the 
inventions of reference numbers 91A-31 and 91 A-45 are attached hereto as Attachments 
13 and 14, respectively. Still further, before August 28, 2002, we had fully conceived the 
patent disclosure 91 A-031 and to this end, on August 28, 2002, we submitted 91A-031 to 
REALTEK's legal department. A copy of portions of this invention disclosure document is 
attached hereto as Attachment 13. While much of the text of the document 91 A-031 is in 
Chinese, it can be readily and easily verified that the subject matter of Figs. 2, 4 and 6 of 
the present application are contained in the disclosure document (91A-31). In short, in 
accordance with our recollection, based on the contents of the document of Attachment 1 
and 13, we had conceived all features expressed in the claims of the present application 
as of August 28, 2002 and September 26, 2002, which are before the filing date of the 
C660 reference (December 31, 2002). 

14) On or about February 14, 2003, YUSO provided the drafting specification of the 
patent application for reference 91A-31 to REALTEK. The document attached hereto as 
Attachment 6 (email transmittal) evidences this; and its English Translation is attached 
hereto at Attachment 6-A. 

15) On February 19, 2003, the application (REALTEK reference 91 A-31) was filed 
in the Patent Office of Taiwan, (see Attachment 4). 

16) On or about March 4, 2003, YUSO provided the first drafting specification of 
this patent application (for reference 91A-35) to REALTEK. The document attached 



-3- 



hereto as Attachment 7 (email transmittal) evidences this; and its English Translation is 
attached hereto at Attachment 7-A. 

17) On or about March 13, 2003, YUSO provided the second drafting specification 
of this patent application (for reference 91A-35) to REALTEK. The document attached 
hereto as Attachment 8 (email transmittal) evidences this; and its English Translation is 
attached hereto at Attachment 8-A. 

18) On or about March 20, 2003, YUSO provided the third drafting specification of 
this patent application (for reference 91A-35) to REALTEK. The document attached 
hereto as Attachment 9 (email transmittal) evidences this; and its English Translation is 
attached hereto at Attachment 9-A. 

19) On March 21 , 2003, this application (REALTEK reference 91 A-35) was filed in 
the Patent Office of Taiwan, (see Attachment 5). 

20) On or about June 25, 2003, YUSO provided the first drafting specification of 
the patent application reference 91 A-45 (corresponding to the present application) to 
REALTEK. The document attached hereto as Attachment 10 evidences this; and its 
English Translation is attached hereto at Attachment 10-A. 

21) On or about July 7, 2003, YUSO provided the second drafting specification of 
the patent application reference 91A-45 to REALTEK. The document attached hereto as 
Attachment 1 1 evidences this; and its English Translation is attached hereto at 
Attachment 11 -A. 

22) On July 8, 2003, the application (REALTEK reference 91 A-45) was filed in the 
Patent Office of Taiwan IPO. The application (REALTEK reference 91 A-45) is the priority 
document (submitted to US Patent & Trademark Office) for the application submitted in 
the U.S. Patent & Trademark Office on July 6, 2004, Now US Patent No. 7,391,828. (see 
Attachment 15). 

23) On or about February 25, 2004, REALTEK entrusted SUNDIAL Intellectual 
Property Office (SUNDIAL), another Taiwan patent firm, to prepare the US patent 
application corresponding to REALTEK reference 91A-45. The document attached hereto 
as Attachment 12 (email transmittal and attachments) evidences this; and its English 
Translation is attached hereto at Attachment 12-A. 



24)On March 18, 2004, this present application (91 A-035) are filed to USPTO. 



25) In short, all elements that are embodied in the claims of the present application 
had been conceived by us prior to September 26 2002. We (in connection with REALTEK) 
diligently pursued the invention embodied in the claims from at least that point in time, up 
until March 18, 2004, filing date of the present application. 

26) All acts relied upon to establish the date prior to the reference or activity were 
carried out in this country or in a NAFTA country or WTO member country. In this regard, 
all acts and actions set forth above were carried out in the country of Taiwan (also know 
as "Chinese Taipei" by the World Trade Organization), which became a WTO member 
country in January 2002. 



-5- 



We hereby declare: (a) that all statements made herein of our own knowledge are 
true; (b) that all statements made on information and belief are believed to be true; (c) 
that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code; and (d) that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 
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M my_yeh" titftA. : <jeannie@realtek.com.tw> 

<my^eh@reaKek.com.H$3^ : 

tw>. FW:fg^Iol(91A35)riE^^#X£^^5^^itj¥?y* 
2003/01/16 02:21 PM 



— Original Message — 
From: fP^iS [mailto:dzliu@realtek.com.tw] 
Sent: Thursday, January 16, 2003 10:23 AM 
To: mffl 

cc: m& w$m; mm-, mm% 

Subject: MU!(91A35) r JE&M$X3MM&&miKmj «fU^M 



Hi, I 

WHItt(91A31) r IE3«3-^#Xgi&^|5l#i^iKaiS{SSSj H(91A45) r IE^«#X^7na 
E9NftlHM*j ■ BW ! 
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Sent: 2003/01/16 02:21PM 

to: jeannie@realtek.com.tw; my_yeh@realtekxom.tw 
CC: 

Subject: Please postpone (91A-035) "OFDM baseband receiver architecture design" 
patent application 

— Original Message — 

From dzliu@realtek.com.tw 

Sent: Thursday, January 16, 2003 10:23 AM 

To: my_yeh 

CC: Song-Nien Tang; Kuang-Yu Yen; Tai-Cheng Liu; Yu-Feng Huang 
Subject: Please postpone (91A-035) "OFDM baseband receiver architecture 
design" patent application 

HiMY: 

Please postpone (91A-035) "OFDM baseband receiver architecture design" 
patent application. I will discuss it with the patent law firm; and divide 
and incorporate some of the contents of 91A-035, into another patent 
disclosure 91A-45 entitled "A symbol boundary detection mechanism for 
OFDM system", and some of the contents of the present application 
(91A-035) into another patent disclosure 91A-31 entitled "Synchronization 
Error Tracking and Compensation Method for OFDM Receiver". Thanks! 

Der-Zheng 
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MSB Jfti4=A : <jeannie@realtek.corn.tw>, 

<edgarwei@giga.nett <dzliu@realt9k.oom.tw>, sgajff <my_yeh@realtek.com.tw> 

wr> *~ Ei^&-M '■ %PMM <edgarwsi@giga.nettw> 

£g: 91A-031^fflS 

2003/02/14 02:14 PM 



Dear *&L*g5&*M, 



^W1f...(tlWMtii»I) 
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Sent: 2003/02/14 02:14 PM 

to: jeannie@realtek.com.tw; dzliu@realtek.com .tw; my_yeh@realtek.com.tw 
CC: edgarwei@giga.net.tw 
Subject: 91A-031 full version 

Dear All, 

What a coincidence that you receive the drafting specification of the paten application 
for reference 91A-031 at Valentine's Day. 
All shall be well, Jack shall have Jill. 




9l0562iLdoc 
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<edgarwei@giga.net.t 
w> 

2003/03/04 04:17 PM 



m$X - <my_yeh@realtek.com.tw>, f m& 

<dzliu@realtek.com.tw> <jeannie@realtek.com.tw> 
lW8%k : WSM <edgarwei@giga.net.tw> 
£g : 91A-035 (yuso 910650.11)$® 



maam* 9io65o.ii.doc 
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Sent: 2003/03/04 04:17 PM 

to: jeannie@realtek.com.tw; dzliu@realtek.com.tw; my_yeh@realtek.com.tw 
CC: edgarwei@gi ga.net. tw 

Subject: 91A-035 (yuso 910650.11) first drafting specification 

As title, please refer to the attached file. 
I will fax the drawings later. 




; 910650JLdoc 
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JM^A : M B MW <my_yeh@realtek.com.tw>, fMgigc 
<edgarwei@giga.nett <dzliu@realtek.com.tw>, <jeannie@realtek.com.tw> 

w> ' Ill^-ii : &MM <edgarwei@giga.nst.tw> 

£9 ■ 91A-035(-K) 

2003/03/13 04:41 PM 



mm 

(1) 3M3sarM^jsw3i : Fa>r. mmmmmmmmnk±.mm 

(2) fr^PLUat»SS^««M^^^ 

(3) HZA^B, S, -tdaaflfJt) 910650.11(r^).doc 
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Sent: 2003/03/13 04:41 PM 

to: jeannie@realtek.com.tw; dzliu@realtek.com.tw; my__yeh@realtek.com.tw 

CC: edgarwei@giga.nettw 

Subject: 91A-035 second drafting specification 

As title. 
I correct: 

(1) In the independent Claim, "at least two pilot subchannels" are recited. In the 
dependent Claim, "more than two pilot subchannels" are recited. 

(2) A dependent Claim reciting "PLL" and its detailed description in the embodiments 
are newly added. 

(3) FIG 3A, 3B, 5 and 7 (I will fax they later). 

I W1PTVI 

) 91065011 (— #).doc 
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"my_yeh" jftftA : ^SK <edgarwei@giga.net.tw>, ''SSS^SHf -J$L$Z£" 
<my_yeh@realtek.com. <jeannie@realtek.com.tw>, "flfiS^SMH 

tw> <dziiu@realtek.com.tw> 

2003/03/20 01:53 PM : re- 91A-35 



— Original Message — 

From: WiWM [mailto:edgarwei@giga.net.tw] 

Sent: Thursday, March 20, 2003 1:37 PM 

To: my_yeh; 3K£^« - «&2; - fflffiSc 

Subject: Re: 91A-35 

Original Message — 

From: "my_yeh" < mv veh@realtek.com.tw > 

To: 'M^MI - < ieannie@realtek.com.tw >; "SfiS^M - < 

d2liu@realtek.com.tw >: n ^'W\M^WW^ - 9UEX" < edaarwei@giqa.net.tw > 
Sent: Wednesday, March 19, 2003 5:35 PM 
Subject: 91A-35 

> if mm 
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Sent: 2003/03/20 01:53 PM 

to: edgarwei@giga.net.tw; jeannie@realtek.com.tw; dzliu@realtek.com.tw; 
CC: 

Subject: RE 91A-035 



Please file in. 

— Original Message — 

From: edgarwei@giga.net.tw 

Sent: Thursday, March 20 5 2003, 1:37 PM 

To: my-yeh; realtek- Jennie; realtek-dzliu 

Subject: Re: 91A-035 

The third drafting specification is attached. 
I already checked it with Mr. Liu. 



— Original Message — 
From: my_j/eh@realtek.com.tw 

To: jeannie@realtek.com.tw; dzliu@realtek.com.tw; edgarwei@giga.net.tw; 

Sent: Wednesday, March 19, 2003, 5:35 PM 

Subject:91A-035 

Please check. 
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glgjgS t&#A : S^BJIB <my_yeh@realtek.com.tw>, J15£eS: 

<edgarwei(3>g»ga.r>et.t <jsannie@realtek.com.tw>, fPfUS: <dziiu@realtek.com.tw> 

w> ~ ~ : ^LSS <edgarwei@giga.net.tw> 

±1 : 91A-045TW (yuso 910791.11)4081 

2003/06/25 03:16 PM 



ffl^,1f fifSSBXggf SK^! 910791 J] .doc 
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Sent: 2003/06/25 03:16 PM 

to: myj/eh@realtek.com.tw; jeannie@realtek.com.tw; dzliu@realtek.com.tw; 
CC: edgarwei@giga.net. tw; 

Subject: 91A-045TW (yuso 91079.11) first drafting specification 

It seems that I delayed the drafting specification, by two days after the deadline, again. 
It is better for me to provide the drafting specification on time (even earlier) than to 
say sorry. 

Please smile (for someone only). 

I will contact the drawing engineer for completing the Drawings ASAP. 




910791 Jl. doc 
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"YUSO Int'l Patent & 
Trademark Office" 
<yuso.tw@msa.hinet.n 
et> 

2003/07/07 03:19 PM 



<jeanni8@realt9k.com.tw>, jgi 
<my_yeh@realtek.com.tw>, 
<mattchen@realtek.com.tw> 

WIIM <edgarwei@giga.net.tw> 

91A-45TW Mrft-i&m 



YUSO Int'l Patent & Trademark Office 

2F, No. 171, Sungteh Rd., Taipei, Taiwan, R.O.C 
TEL: 886-2-27598848 
FAX: 886-2-27598839 
EMAIL vuso(5)ebtnet.net 

vuso@ethome.net.tw 



vuso.tw@msa.hinet.net 910791.IK— $).doc 
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Sent: 2003/07/07 03:19 PM 

to: jeannie@realtek.com.tw; my_yeh@realtek.com.tw; mattchen@realtek.com.tw; 
CC: edgarwei@giga.net.tw; 

Subject: 91A-045TW (yuso 91079.11) second drafting specification 

Enough stupid things. 

One more stupid thing today. 



YUSO Int'l Patent & Trademark Office 

2F, No. 171, Sungteh Rd., Taipei, Taiwan, R.O.C 

TEL: 886-2-27598848 

FAX: 886-2-27598839 

EMAIL: vuso@ebtnet.net 

vuso(g)ethome.net.tw 



I 

1 



vuso.tw@msa.hinet.net 91079L.IK— f£).doe 
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« 3ffa91A-045USif3lEfta Page 1 of 1 



McClure, Dan 

From: mattchen@realtek.com.tw 

Sent: Wednesday, February 25, 2004 2:49 AM 

To: SUNDIAL LP. OFFICE 

Cc: jeannie@realtek.com.tw; morrie@realtek.com.tw; my_yeh@realtek.com.tw; 
weberwang@realtek.com.tw 

Subject: ??91A-045US???? 

m-mm m ■■ «w a smtum. 



ftWA 



fflgifc. S««Bk. 

2003/07/08 

092118541 



best regards, 
matt 



(See attached file: boundary.doc)(See attached file: 91A045TWF.doc) 
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A Symbol Boundary Detection Mechanism 
for OFDM system 



l. n&ft 



I^^^f-X(orthogonal frequency ^ division 

multiplexing , tfflOFDWWto&mBWKS.1&&totkft&n*i%&m** . &HEEE 
g02.n a/g WLAN , HIPERLAN 

2 .DABfffiilffl. OFDMM^mS^SIB^»m^Ml^@®^_, fHffl£tWH»i 
^g&(inverse fast Fourier transform , W«FFT)llftJSHti*9lS - ftjQ±6£SiIPB^(guard 
interval , WBGI)& , MMfc^HibBSlB ( digital-to-analog 

converter , W3SDAC) , , SffcfcHHSBKTWfco fttt*»5fe«M8ffli , 

JSt&£I±M»'tt«ftS ( analog-to-digital 

converter , ffiSADC ) , &GI^& , £*IJffl1*3H|£a*&(fast Fourier 

transform , ffifltFFT)W&BJHttM. "Ml , GIftM«*ffl*(Cyclic 
Prefix , fg3gCP)&£:£JQA ; M*«IFFTBafc«tt»lBJ*t&a*fE(H. » lit -35 , £M 
MMftftftTiffiftGlWfllJ&T , RT^aftWIiT afmtersymbol 

interference , W«ISI)ttS£ , teW&Vffl?MjI«B5£5^So HM MM* 
#SS&*TMffifll(channel 

compensation) , M^IPffiii^jimm. JiaMOFDM«j£«M&*a£;fr#B»B-fllr*o 
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Remove 
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Gl 
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Demapping 



Time Domain \ Frequency Domain 

b-, ^a«oFDM<ia*iis*a^»B 

JH7M&jI£itMiftisi , l&GIftllFB^ , fc£*AFFT£l$#S&#SHlS 

ti£&ttR , fiP IE 51 W^)i^7Cil ^(symbol boundary)., Slib , ®^W#7till^^}l!l(symbol 
boundary detection)^" , €$7 — {BtiUKSttM. 

2. Prior Art 

symbol)^S^SMS(long 
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AM 

BPJ^||iV3l#BrailKg»v»^Wro*lira«tffiBas: , jH^»at*BW#fc*rSMHM 
£B$tt»»»KSr. Jt+r k ftft*WB»BiHiM«;^*SB»BBl»-fflaa8ft»15l#* 

KSilW , »SS§t{&(absolute 

vaiue)#3iI'JS±«<, HifcB»S««BBttltaj»Hffl#Sffi»BBlBttfi*M^** 
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%- m&M!k tt«*R«5JU5 A tt Bfllft EESa&S(matched 
filter)! ft|EBII»»*ttB»tt»tt»»ft7c**« : W*M«»*8M* 
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Matched Filter for 
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Observing Window 
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Channel impulse response estimation 
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controller)M^GI&^i&ftB , «ftWBff7cRa«MJ»»ff7DHAFFT. BEW«ft* 
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Range) , ftBtt«tt£KSB&M«*Mtttt&£XjM^pre- 
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SftS&l&ttlift ; (b) A«DXBBBWHIiftmK»fll». 



4 



ATTACHMENT 12 (33 PAGES) 



Early Range 



t * t 



t t t ± t 4 



boundary reference point 



t » t 



Threshold 

(a) 

Early Raige 




3: 



Threshold 



boundary reference point 



(b) 



correlation) ; jfcft , KIIFI^tlfet^iSSW i««tt(auto- 

correlation)o 3fJ5t , ****tffc£ft»ra*EB»S»*ifc* :jE»IIWKlEBitBw 



5 



ATTACHMENT 12 (33 PAGES) 



j Matched Hirer for 
j Short Preamble 



II c I 



I 

J Matched Filter for 



v — 



•r- 



'La,. 



ftgs $EiE«j&{iaftttBtt5cl»MB. lOnt&T : VftMSItllVllftlEBiltt 
Bttttttfiltff , J&^BBMBftttSBfcflW^ , &«#5ifB*¥i5&B*«.:«fttt« 



SE«***tt£W«SBM*fc**ttflffltt*« ; RUsOEBttAftBiBSB** 



6 



ATTACHMENT 12 (33 PAGES) 



Matched Filter for 
Short Preamble 



Matched Filter for 
GI2 



Sliding Delay 
Correlator 



Power Detector 



> Z 



* C 



Bounday 
Detector 



Peak 
Detector 



> 



> 
< 



Threshold 



Remove 
Gl 



Timing 
Control lor 




FFT 



7 



ATTACHMENT 12 (33 PAGES) 



Yuso-910791.I1 



6i-&tt«MftecRMM 62- HR AM 
63-4Ha*7C 64- B#j?S$iJII 



i - - 



ATTACHMENT 12 (33 PAGES) 



Yuso-91079111 
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jfr^jfc f ^ ^^(multi-carrier *multi- 

802. 1 1 a/g^H H^ti^i&(wireless local area 

10 network , WLAN)£ IE £#£1^1 (orthogonal frequency 
division 

multiplexing , OFDM)&fl?o PH^-^MOFDM^SW 
jtkOFDM»ttl00#»*»WmH#att*»«51 
8JUftltJ8(signal 
15 mapping) 

jx$?Hi3iS8^(inverse fast Fourier 

transform , IFFT)gHl02«&#l$OTl« , gjtoUfifrKBW 
(guard interval , GI)& , Cft^flS WJH*»(parallel-to- 
serial converter , P/S)104&irtiSMl±fi^lt(digital-to- 

20 analog 

converter , DAC)105 , MA ?I5Il06jl*T#flo ft^HU 

5feWJ±Sittt«8l»(analog-to-digital 

converter , ADC)1073!#& , j&GI#& , &mMft&%M 

^^fl(serial-to-parallel 
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converter , S/P)110 , ^^A^jIifllSft^fast Fourier 
transform , FFT)£lllll»&|s]iSIjim^ , 

compensation) , ft&SSft!ft#llNi(signal 
5 demapping)^Sll3^PfcHil^32i«^o 
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^-M31Milff ^(channel impulse 
response , CIR)»*W#M« , #jij£-ft7D£,MMml06 
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10 nter-symbol 
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A-ftBMllIHI(Gr). -j$WW , GIfi&Mtt KCyclic 
Prefix , CP^srjQA ; MPg&M&ftKft&ttfflttfttt 
St^GIo $Djfc-3fc , &»5iffiffr*M&7&]lGlftfll 
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t a , sw^iUGm. , *s*AFFT«tmii 

20 M&ISI 0 gift , »f|£fraa^ft^j^fcj»(symbol 
boundary detection) , Mi^7 — lU^fiH^l^IIo 

ftOFDM^ffclOO* , ^ft**€(frame)*^3feff^- 
SB^J^^BIJiM^fe^ly^m^Cshort 
preamble) , ftMfid^MS^.-mM^-ftBAM 
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«W*A9£?l#7C(pilot symbol) , $$g£fttfr9ffllft(long 
preamble) , $JMttfttttta£ft , tt«E«*tt**W7C 
(data 

symbol)* M^M^MMMiio &ftftBl&*Mft£f} , * 

5 fti±-SR&iiiaw(«.Gi2ft^) , ffi*-n^7ci*i , * 

in±BfrMni(J&lGia*) , MM&lSlo m=SPJl*7HH:0 
FDMlRlfcftMftft. »H=Br* , 51ft«ffUft}lttft& 

ASSi*lii(auto- 

correlation)4ltt^^itil^^7EPFrm^ , tt&gfttr&lftU 

10 ftM*«F7cR««»*»»7Co 

^TU^MtH^E , ffiJ&i*l*GI , Mf££&»FT|&Atti& 

is m-s MF%&mmmzmmmffim^Mmmwmm(si 
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correlator) , MX* HUM. jttflfiggtlHftftSJftfr 
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if If ##i£B# , «Mm§KMAnft^l|fl(peak 

value) , nmm&m±mm£mm&-mmmm(Eziriy 

Range) , J^UaWffU»ttlMI(PEe- 
5 Cursor)**. jHjKfi}l6ffH#m»tt*nilJ|l#ll. *g 

flrSttlttj^ttlMBEyfll***. £x<=y , 1(1^^151 
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10 ts ; ^x>y , Alfi)»3«HJ&ttttlPft^tt*lt«!lll^ttx 

y* , jfc* , fflJMH4&ft|»tettiiaMttg$a^ 
, Jftt**tt*ttllJl£|ft*ftj|HI , SPBE(b)3f*o Silt 
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«Rfr«iaWGI2)^Ril^7c|iai»«IB«GIo Jfc**fc£ 

20 ma* , «t*«tii6oft#-ttiir3iR«iEE«3ft«i , 
HiiioFDM*ttiooi3iaiK«»is»ttaifio 
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££«0)GttH , Aft , SMfctiDMH* , 
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m , Bft*RaB2*2B3tKtt2nBji*ft**& 0 m 

£«I)iffMKABII|ii3{«ftaili6flK«tt , 
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m&&mEmmmn 0 mmm^63m^-wiMmms3 
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■ —»-*aiE3flS^*^X(OFDM)3Rtt»**B. 

5 B=#-iRoFDM5iiiia3isi*i»^*iao 

10 B£#$B§HABA^fDISflB^l!i6d^jftflo 
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Synchronization Error Tracking and Compensation Method 

for OFDM Receiver 

1. PriorArt ' 

2. it it & /Background of the Invention 

3. t!M»>§3 / Detailed Description 
4- I^W^rr /References 

1. Prior Art 

ii-^-^. • j£3L&-^£ JL(orthogonal frequency division multiplexing ■ $31 OFDM>ff 
&4fcJft j*.*********/** & t [1] 1 *» ADSL > DAB « DVB-T « HIPERLAN 2 &. IEEE 

802.11 a/g WLAN- ft& B &#i Jfl OFDM HSlW JL 5M±(orthogonality) > 
Wl • $ ft t£i . ftft*fcfc#-t-FH& • IS ib OFDM &&&£feii.tft&&*i 

• ^*M§1 ^(synchronization)^ jf*2t,SL 5- ^ • «■ OFDM fcffijT • 

^(synchronization error) Q&MTvaig, : (1)^5^.^^^^ (carrier frequency offset) - (2)^,>i.4S-& 
^s(carrier phase error) - (3)^#.3S#-|&# (sampling frequency offset) » 5L(4)#t#^i-{a.^l. 
(sampling phase error) • 

— OFDM + (preamble) 1ft ft • *T#j£3l I ft* ji&f'](automatic gain 

control > ffift AGC) - tfl ft & SB'] (signal detection) » & ft #5 £ tik &te $'J (frequency offset 
estimation) » & & # ft i£ W? ffl (symbol boundary detection) - $A A it it $] (channel 
estimation) • /Rft£#JttfUfctt. ' tt"t-*"A#*** ^(residual frequency oflfeet)&JM£^# 
' # ' OFDM M^-S-'flB -7- iS.ilttflSfe4a -£ft.afe#|-(phase rotation)^ ICI - ISI • 

*#i Aft iiJ - *JM « ?l -T-3iit(pilot subchannel)1fl!fe^ B JtsUftA* 

if ' 6,-f-^#ii^ilS|-(frequency tracking loop) « ^i-fi^fl!faSS|-(phase compensation 
loop) > B$ % ii sf£ a£ S£. (timing tracking loop) - JaAM^^lBj-^^^il^iSSS- (Jointed 
synchronization error tracking loop) - 
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ofdm • t 1 

ft&(inverse fast Fourier transform > IFFT)#$.i&Bf :&m!fe • 3-*>_t!£$.£ W (guard 
interval • gi^GI)#. ' «Jfcfc3.«Mtefe8 ( digital-to-analog converter - S3! DAC) • ja&ft 
' • ' «A«tb J.*fctt#*S 

(analog-to-digital converter • jig* ADC) • * GlJfrlfc • **'J &&(fast 

Fourier transform • M FFT)*M*l3#*Siift Sfe * -M-fi^M t 5ft fi" ii*^^ (channel 
compensation) - J&J*Wfc£#i&ffl.& • *fi*v OFDM*iltfc*&fc4ML:fr*B#*J*»«--.S. 
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Compensation 




Demapping 



Time Domain 
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] ~ ^ OFDM # fcft*. ■ 



^#»multicarrier)^.*t ' Nfl-filSt*!"** +4tfc|friiil ' OFDM fllft 

^(frequency-selective fadmg)#tt&*)&&'f£l«iiiS.Bf > fl*T*$-«-?-3i. 
at***#*#**«**A#ttJt*«**#*#**^fiB^«icy-non- selective fading) 
ttf ^U&sS. ' ««4HWE*H6.*ll*i**4b8(froquBncy domain equalizer > 'fijflFEQ) - -^flM 
<H-fii&tt*ttAjl& ' ft IJ^W (coherent demodulation) • flfai£.£#. ' OFDM 

* *° DAB * DVB-T > fflPERLAN 2 A ffiEE 

802.11a/gWLAN ■ 

4L OFDM #|&&&t ' &7&ft*lft£S0iIjiM$>&(chaimcl impulse response) W# 
¥ - i±j&#l&**(intersymbol interference • $31 1S1) • il#t& OFDM #7tW«^*» 
OTft&H • W* ft : (l)*§*(Zero-Padding - ffift ZP) • &(2)#*tf ^(Cyclic 

Prefix • 8$ CP)-ZP Ep&;fr A.- it $ 0 * Gl • J*. ^(energy efficiency) . 

gt^DAB a •ca»M*4t*FFT{t««i*i»#e* (n«it**r«*^iiit** 

/W4ilW+iiatMAAWft4W + *(intenarTier interference - ICI) » § DVB-T » 
HTPERLAN 2 A IEEE 802.11a/g WLAN $ ft«f • 
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ftti£&$R*r# Id ' 0 * OFDM &t • *r*4± 

fLSt*-(t«AI|**»t-fl t *l'te1»A#OPDM«.!(t^it*** • 4.#**4-*-?-*it*fc*JL4 
B£ti*ft*4l • W«'Tai4Ut'f*«J*iii£*l'fltt**I 0 

• ° *k*h • 3M£^4^#^i-&*&$#^&^( s y mbo1 

boundary) if) -fit S • OFDM mSLi 4 ISI • 

* OFDM % Mb t • M M % ' <M'J JB «t t « *(CP)«i • 

****«iKrdJ*Hlt • & ft l§g (interpolator)^ &&te#&mf£ 

ffi Sll-Di • — -fiM^ S f$fe^Ji!5&(automatic frequency control loop • $31 AFC) 

#.#J£ tStt+tiftftS (voltage control oscillator • f^VCO^&ttiM^ ' 

ftttS (phase rotator)*!? XftttHtlMBtttf 4tB * 0 

A^OFDM^^tfL^-^^^^-r-^m^^' * *• QAM & PSK SfcSt, • #*>.t 

PH7] • **4*##flri^*£ ■ Kfe*«***n**#ttH 

« - ICI &. ISI ' 4ttfe*&#*to*SJ*l«***« • 
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3.1 %^&3&m.3& 

*^it#4H(local oscillator > LO)^M^t£$*WJllll£ 1 ft4H*i&« 

« * f t «t** # HAM * f c * - & ' & t eti m%%^®-& 

A4lM#«MSfc«M^.«« • ftftft£B«£l. • ' A«* r ftft« 

*ft*±j £4UA/ = / e -/ e («Tfli«l ' r ****j)- ffl^*-JMfc&**<fe**.ft 
ft B • 




Bii^ *ftft#*ft**:W**fttt*ft;!rftB 

OFDM 3tftS2g ' T^*B*H^«ift*^flp . ftti OFDM ^Ttef^m 
ft* M/w-B*.** • &t # & FFT • Afc/& GI • OFDM 

BWft»ra**2<tf + tf a )4fr4Ma<ttJfc • & + r***BH 0 *-*ttft 

jtb^h • fttfcjt **-7-ilit* Bifc*£ ' J-#i£*&$ « « OFDM k 
fl-f-iiit* Jf M • tbBf£&&J*ttJ|t n « OFDM ff/b<.Jt iiiftRftA 

y ^ = e ^c*".>^ . . jr Bi4 ) ® o(/ t - a/*)] 

— " v ' 

&t <&(/) ^UN^-HS NU-kJk 1 #&#ftii&&(rectangular window function) 
a^f B ^#i.^#^(discrete time Fourier transform • $ 3§ DTFT) • 



U 1-e sui(^T) 

A <t>(-A/) SpA^-^a&iitt&JtS-fc (distortion factor) - & k% (amplitude 

distortion)^ nn ^W , .^^^(phase distortion)^ x{N -\)LjT • 
sm(«A/J) 

«ta OFDM & ft t ' X B $ 51 ft4t4Lilit#«ft* 



■JlxNJT 



. -jW sin(aAyr) 



, M - — = e J2mt »*" aWr • # 4 • <D(-A/) + r M ' k = pilot index • 
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& t r M ici gfcm^ • 
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#^^#ii^if>5&(feed-fbrward frequency tracking loop with frequency-domain 
compensation) 
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«-fb ■ &mmW\-<® OFDM #jt#-5l*ii£Wfjtft • *Kflt^ 
13 -HH OFDM #7t^f#(data)*iti» t • ftrAffl^tifefrBtt @— & 

B/Vflt^jl— ^^f^,ai.it4ifllt^'^i'itt^l'f>t(phase compensation before channel 
compensation with buffer) $L%%&® - n&m**-**5Ui£«tf &te<fit*B'flt 
(phase compensation after channel compensation with buffer) |t SI ■ 
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